We evaluate the impact of ledipasvir on both tenofovir plasma trough concentration and estimated glomerular renal function in human immunodeficiency virus-hepatitis C virus coinfected patients receiving a tenofovir-based antiretroviral regimen and treated with ledipasvir/sofosbuvir. Twenty-six patients [81% male, median age: 51 years; hepatitis C virus genotype 1(75%)/ 4(15%)] were included. Tenofovir trough concentration (interquartile range) increased from 78 ng ml -1 (53-110) at baseline to 141 ng ml -1 (72-176) at 1 month (P = 0.003). No significant difference on estimated glomerular renal function using both Cockroft-Gault and Modification of Diet in Renal Disease formulae, respectively, [median (interquartile range)] was observed between baseline [101.3 ml min -1 (91.1-114.1); 95.6 ml min -1 (86.5-111.2)], 1 month [102.4 ml min -1 (89.8-112.9), P = 0.26; 92.5 ml min -1 (88.1-114.3), P = 0.27], end-of-treatment [96.5 ml min -1 (82.4-115.4), P = 0.39; 95.4 ml min -1 (84.2-105.4), P = 0.16] and 12 weeks after the end of treatment [100.5 ml min -1 (83.3-111.9), P = 0.24; 93.4 ml min -1 (82.2-103.5), P = 0.16]. Three patients progressed from chronic kidney disease stage 1 to stage 2 at 12 weeks post-treatment. A significant increase in tenofovir exposure through P-glycoprotein inhibition by ledipasvir was confirmed without significant impact on glomerular renal function in our population with normal renal function or mild renal impairment.
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Introduction
Ledipasvir (LDV) is a hepatitis C virus (HCV) NS5A inhibitor, given once-daily with sofosbuvir (SOF), an HCV NS5B nucleotide polymerase inhibitor, in an oral fixed-dose (90/400 mg) combination tablet. LDV/SOF indicated with or without ribavirin for the treatment of chronic HCV infection is one of the most prescribed regimens for HCV genotype 1 and 4 infections [1, 2] .
LDV/SOF may be safely coadministered with almost all antiretroviral drugs. Bilirubin monitoring along with therapeutic drug monitoring is recommended with atazanavir/r due to increased exposure of atazanavir by LDV [3] . LDV and SOF are not metabolized through cytochrome P450 (CYP) isoforms but are both substrates for intestinal P-glycoprotein (P-gp) and breast cancer resistance protein (BCRP) transporters [4] . LDV is also a weak inhibitor of both P-gp and BCRP leading to a few drug-drug interactions [4, 5] . Thus, caution is warranted with well-studied P-gp substrates such as digoxin and dabigatran, but also potentially with other drugs, in part, transported by these proteins such as tenofovir disoproxil fumarate (TDF). In healthy volunteers, LDV increases tenofovir (TFV) exposure, ranging from 40 to 98% for the area under the curve and from 59 to 163% for the trough concentration (C trough ), in combination with efavirenz, rilpivirine, dolutegravir or darunavir/ritonavir [6, 7] . To date, no pharmacokinetic data have been reported in human immunodeficiency virus (HIV)-HCV coinfected patients. Therefore, higher TFV exposures may be observed in patients receiving LDV/SOF combined to TDF-based regimens and therefore may increase the risk of renal toxicity. As TFV plasma concentration has been positively correlated with either a decrease in the glomerular renal function or the risk of tubulopathy [8] [9] [10] , renal monitoring is currently recommended when LDV/SOF is associated with TDF-based regimen if other alternatives are not available [1, 2] .
The aim of our study was to evaluate the impact of LDV/SOF treatment on both TFV plasma C trough and glomerular renal function in a cohort of HIV-HCV coinfected patients receiving a TDF-based regimen.
Methods

Patients and study design
A retrospective and observational study was performed between January 2015 and June 2016 in an outpatient clinical unit following nearly 1000 HIV-infected patients of whom 30% are HCV-HIV coinfected. Data of patients receiving a TDF-based antiretroviral therapy and initiating LDV/SOF for chronic HCV infection were collected from our electronic medical record NADIS, approved by the French Commission Nationale Informatique et Liberté (Registration number: 2001/762876/nadiscnil.doc). All patients signed informed consent before being included in the database [11] . Serum HCV-RNA was recorded at baseline, 1 month (M1), end of treatment (EOT) and 12 weeks post-treatment (PT12). The virological outcome was evaluated through the sustained virological response defined as an undetectable HCV-RNA et PT12.
Tenofovir plasma concentrations
TFV plasma C trough , quantified by a liquid chromatographymass spectrometry method (limit of quantification: 10 ng ml -1 ; precision: 2.31% to 12.4%; accuracy: -10.1 to 3.42%), was collected as part of routine TDM, before initiation (baseline) of LDV/SOF when available and only if patients were on the same antiretroviral regimen. TFV C trough was determined at steady-state, 1 month (M1) after LDV/SOF initiation, according to the recommendations of the French Association for Liver Study (Available at http:// www.afef.asso.fr/ckfinder/userfiles/files/Interactions_DAA_ ARV_dec2015.pdf.%20February%202016).
Glomerular renal function assessment
Glomerular renal function was assessed through estimated glomerular filtration rate (eGFR) using both Cockroft-Gault (CG) and Modification of Diet in Renal Disease's (MDRD) formulae at baseline, M1, EOT and PT12. Renal function staging was evaluated using the chronic kidney disease (CKD) classification (ml min -1 1.73m -2 ): stage 1 (>90), stage 2 (60-89), stage 3 (30-59), stage 4 (15-29), stage 5 (<15) [12] .
Statistical analysis
Results are expressed as a median value (interquartile range) or n (%). TFV C trough before and after LDV/SOF initiation as well as eGFR values between baseline and the different endpoints of the follow-up were compared using the nonparametric Wilcoxon rank-sum test. TFV C trough was also compared only in patients for whom both values (baseline and M1) were available using the Wilcoxon matched pairs test. Analyses were performed using IBM SPSS Statistics 20 (IBM Corp., Armonk, New York, USA).
Results
Patient characteristics and HCV treatment response
Data of 26 HIV-HCV coinfected patients (81% male; 85% HCV genotype 1 coinfected) receiving LDV/SOF for 8 weeks (n = 1), 12 weeks (n = 23) or 24 weeks (n = 2) were analysed (Table 1) . Three patients (11%) received ribavirin in combination with LDV/SOF. All patients were treated for their HIV infection with TDF/FTC combined to a non-nucleoside reverse transcriptase inhibitor (rilpivirine n = 5; etravirine n = 3, efavirenz n = 1), or a boosted protease inhibitor (atazanavir/r n = 5; darunavir/r n = 4) or an integrase inhibitor (raltegravir n = 7; dolutegravir n = 1 
Impact of ledipasvir on tenofovir C trough
On the whole population, the median (IQR; n) TFV C trough increased significantly from 78 ng ml Among the 17 patients with CKD stage 1 at baseline, five progressed to CKD stage 2 during HCV treatment (four at M1 and one at EOT). Two out of these five returned to stage 1 while three only remained at stage 2 at PT12. None of the nine patients with CKD stage 2 at baseline progressed to stage 3 during HCV therapy; two of them were classified stage 1 at EOT and PT12. The CKD staging was similar using either CG or MDRD eGFR.
Discussion
Our results are the first to report data on both TFV exposure and glomerular renal function after 12 or 24 weeks of LDV/SOF therapy in a cohort of HIV-HCV coinfected patients receiving a TDF-based regimen. In our population, TFV exposure was significantly increased by 80%, confirming a significant drug-drug interaction between LDV and TDF through intestinal P-gp inhibition. The median TFV C trough , within the expected range at baseline (40-90 ng ml -1 ), has become potentially nephrotoxic after LDV/SOF initiation and higher than usually observed with boosted regimen, which is approximately increased by 20-30% [8] [9] [10] 15 ]. This result is consistent with those previously described in healthy volunteers, reporting an increase in TFV C trough ranging from 40 to 98%, according to the third antiretroviral agent prescribed [6, 7] . As ritonavir inhibits P-gp, boosted regimen may also increase TFV exposure. Unfortunately, the limited number of patients for each class did not allow us to assess the degree of the interaction between boosted and nonboosted regimens. TFV undergoes renal clearance by both glomerular filtration and active tubular secretion [16] . TDF-induced nephrotoxicity is well known and characterized by a delayed onset of gradual decrease in eGFR and/or signs of tubular dysfunction but some cases of acute renal injury have also been reported [17] [18] [19] . TFV plasma concentrations and cumulative exposition of TDF have been independently associated with an increased risk of kidney disease [8] [9] [10] , along with baseline serum creatinine, low body weight, or protease inhibitorcontaining regimens [20] . Therefore, in France, TDM of TDF is recommended particularly for all patients with impaired renal function [21] . Guidelines for the treatment of HCV recommend caution when TDF-based regimens are combined to LDV/SOF, with frequent renal monitoring and/or dose adjustment if other alternatives are not available but also to avoid this combination when eGFR is less than 60 ml min -1 (CKD stage ≥3) [1, 2] . However, given the shorter treatment duration and the cumulative and concentration-dependant mechanism of TDF-induced nephrotoxicity, the risk of developing acute and/or severe renal injury might be expected to be limited.
In our HIV-HCV coinfected population receiving a TDFbased regimen, LDV/SOF did not significantly impact glomerular renal function. Indeed, eGFR, evaluated with both MDRD and CG formula, was not significantly modified during LDV/SOF therapy. It is important to note that the majority of our population (17/26) had a normal renal function at baseline. Only nine (35%) patients presented mild renal impairment according to the CKD classification and very few (10-15%) presented concomitant risk factors of nephrotoxicity such as diabetes or high blood pressure.
However, minor changes in the CKD stage were observed with deterioration of the renal function from CKD stage 1 to stage 2 reported in five patients during LDV/SOF therapy, of whom three remained at stage 2 at PT12. These three patients did not present additional risk factor of nephrotoxicity but two of them presented a slightly elevated TFV C trough at baseline (102 and 105 ng ml -1 , respectively). No deterioration of the renal function was observed among patients with a CKD stage 2 at baseline.
Our results are consistent with recent data reporting no significant impact of LDV/SOF on the renal function in 69 patients with a baseline eGFR ≥70 ml min -1 , without difference between patients receiving a boosted-or nonboosted-TDF regimen [22] . In this study, eGFR decreased below 70 ml min -1 in five patients but only one, on boosted-TDF regimen, stopped TDF due to renal impairment after 74 days of therapy. Unfortunately, no pharmacokinetic data, particularly in the one who had to stop treatment, were available. A case of acute kidney injury was recently reported in an HIV-HCV coinfected cirrhotic patient, after 8 weeks of LDV/SOF, presenting a baseline eGFR at 62 ml min -1 [23] . A multifactorial aetiology was suggested as several risk factors of nephrotoxicity were present, along with occasional use of ibuprofen and evidence of acute tubular necrosis on the renal biopsy. Despite these encouraging results, several limitations of the study must be highlighted. First given the small number of patients and the heterogeneity of the population, caution should be maintained regarding the safety of LDV/SOF in combination with TDF-based regimen. Therefore, we need to confirm these preliminary results on a larger population, allowing stratification on the baseline eGFR. Another limit of our study is the lack of data concerning the markers of tubulopathy, in particular the protein:creatinine ratio and glycosuria. Unfortunately, we did not collect enough data to assess the tubular function thoroughly.
Tenofovir alafenamide (TAF), the new prodrug of TFV, decreased TFV plasma exposure by 90% allowing a better tolerance profile on kidney function even in patients with impaired renal function [24, 25] . No clinically significant interaction was observed when TAF was coadministered with LDV/SOF in healthy volunteers with a TFV C trough still approximately 80% below the concentration range observed with the current TDF prodrug [7] .
In summary, our results showed no significant impact on the glomerular renal function, after 8, 12 or 24 weeks of LDV/SOF, in a cohort of HIV-HCV coinfected patients with normal renal function or mild renal impairment, although a significant increase in TFV exposure, due to P-gp inhibition by LDV was confirmed. These results suggest that the short treatment duration with LDV/SOF, usually 12 weeks but further reduced to 8 weeks for HCV genotype 1 with low HCV-RNA, could be considered as safe, at least for patients with Impact of ledipasvir on tenofovir C trough and renal safety an eGFR > 60 ml min -1 . However, in case of high TFV C trough at baseline or after LDV/SOF initiation, the issue of a therapeutic intervention such as TDF dose-adjustment or switching to TAF may be raised on a case-by-case according to the presence of other risk factors. Moreover, due to the lack of data, caution is advised in patients with moderate or severe renal impairment and/or at higher risk of nephrotoxicity who would receive LDV/SOF and monitoring both TFV exposure and renal safety remains highly recommended.
Lastly, same concerns are likely to arise with the new anti-NS5A velpatasvir, which also inhibits P-gp and therefore increases TFV exposure to the same extent as LDV [26] .
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